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z.2013.08Abstract Deltamethrin is a synthetic pyrethroid widely used as the insecticide of choice in most
countries because of its high activity against a broad spectrum of insect pests. This experimental
study aimed to evaluate the histopathological and ultrastructural changes in the thyroid caused
by deltamethrin, also to further evaluate the potential genotoxic activity of deltamethrin and the
possible protective effect of lycopene. The study was performed on 32 mature male albino rats
which were randomly divided into four groups as follows: 1- control group; 2- lycopene group;
3- deltamethrin group; and 4- deltamethrin + lycopene group. The animals were sacriﬁced and tis-
sue samples taken from the thyroid were processed for both light microscopy and transmission elec-
tron microscopy. Light microscopic examination of the deltamethrin group revealed hyperemia,
vacuolization in the lining epithelium, and detached and desquamated follicular cells in the follic-
ular lumen. Ultrastructural examination showed vacuolated cytoplasm, numerous lysosomes, cellu-
lar debris, dilated rough endoplasmic reticulum and pyknotic nuclei. Lycopene supplementation
reduced the thyroid cellular changes. Electron microscopic study supports the histopathological
study, where the cytoplasm had nearly normal rough endoplasmic reticulum except for the presence
of some vacuoles. Moreover, lycopene reduced the DNA damage of thyroid cells as observed from
the signiﬁcant decrease in the comet assay (tail length and damaged DNA%). All these results sug-
gest the efﬁcacy of lycopene in amelioration of thyroid gland structures as well as DNA damage
which may result from its antioxidant properties.
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Pesticides have become an increasingly serious source of chem-
ical pollution of the environment due to their extensive usage
in agriculture (Yonar and Sakin, 2011). Pesticides of the pyre-
throid class, such as deltamethrin (DM), are widely used as
insecticides because of their short biodegradation period and
their low tendency to accumulate in organisms (Laskowski,
2002). Use of DM is extensive in agriculture and forestryand hosting by Elsevier B.V. All rights reserved.
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pests (Glickman and Lech, 1982).
The most important sources of the animal and human
exposure to DM are polluted food and water, and it is readily
absorbed by the oral route (FAO/WHO, 1999; Barlow et al.,
2001). There is concern that simultaneous intake of different
pesticides could be of potential signiﬁcance to health (Feron
and Groten, 2002). Deltamethrin metabolism and excretion
have been extensively studied in rats, mice, and cows, where
the pattern does not vary signiﬁcantly among these species.
It is metabolized by liver microsomal esterases and oxidases
(Erdog˘an et al., 2011).
There has been increasing concern over the inﬂuence of pes-
ticides and man-made chemicals on the normal function of
endocrine systems. Since hormones are involved in fundamen-
tal functions of an organism, endocrine disrupting chemicals
may have widespread effects, including on development,
behavior and reproduction (EDSTAC, 1998). In addition, be-
cause so many individuals are exposed to commonly used
chemicals, such as certain pesticides, even seemingly subtle epi-
demiologic associations may result in large increases in repro-
ductive and other endocrine-related diseases among
populations and thus should be of great public health concern
(Meeker et al., 2009). Data on endocrine function resulting
from pyrethroid insecticide exposure are limited, but animal
and in vitro studies suggest that some pyrethroid insecticides
or their metabolites may possess endocrine disrupting proper-
ties (Chen et al., 2002; Hu et al., 2002; Sun et al., 2007). Exper-
imental studies have also implicated pyrethroid insecticides in
altered thyroid function (Wang et al., 2002; Liu et al., 2006),
although these associations remain untested in human studies
(Meeker et al., 2009).
Negative effects of DM on nervous, hematological, and
respiratory systems have been documented (Svobodov et al.,
2003) and its biochemical and histopathological effects, at
low and high concentrations, have been studied (Velisek
et al. 2006; Yildirim et al., 2006). Moreover, DM-induced oxi-
dative stress (Yonar and Sakin, 2011).
Lycopene, an aliphatic hydrocarbon, is one of the 600
known naturally occurring carotenoids. It is an acyclic non-
provitamin A carotenoid rich in fruits and vegetables, has been
shown to scavenge free radicals (Alshatwi et al., 2010). It has
attracted considerable attention as a potential chemo preven-
tive agent. (Cohen, 2002; Jonker et al., 2003). It is the pigment
principally responsible for the characteristic deep-red color of
ripe tomato fruits and tomato products. So, it has attracted
attention because of its biological and physicochemical proper-
ties, especially related to its effects as a natural antioxidant
(Shi et al., 2004; Tapiero et al., 2004). Although it has no pro-
vitamin A activity, lycopene exhibits a physical quenching rate
constant with singlet oxygen almost twice as high as that of
b-carotene and ten times as high as that of a-tocopherol (Di
Mascio et al., 1989). Tomatoes and related tomato products
are the major sources of lycopene, and are also considered
an important source of carotenoids in the human diet (Wu
et al. 2004).
In addition, lycopene has received particular attention in re-
cent years as a result of studies indicating that it is a highly efﬁ-
cient antioxidant and has a singlet-oxygen and free radical
scavenging capacity (Atessahin et al., 2006). Antioxidant activ-
ity of tomato and tomato products was related to lipophilic
constituents such as b-carotene, lycopene, and organic pheno-lic compounds (Karakaya and Yılmaz, 2007). Lycopene may
contribute to the prevention or amelioration of oxidative dam-
age to cells and tissues both in vivo and in vitro (Velmurugan
et al., 2002; Reifen et al., 2004).
Experimental studies have reported that pyrethroid insecti-
cides affect endocrine function, but the data were limited on
histopathology and ultrastructure of thyroid gland toxicity in-
duced by deltamethrin. The aim of this study was to evaluate
the toxic effect of deltamethrin on the thyroid gland and the
protective effect of lycopene to control the toxicity induced
by deltamethrin through histopathological and ultrastructural
studies of the thyroid gland, in addition to genotoxic activity
by using the comet assay.
Materials and methods
Experimental animals
Thirty two adult male albino rats (Rattus norvegicus) weighing
170–190 g were used in this study. They were obtained from the
animal house of the Research Institute of Ophthalmology, El-
Giza, Egypt. They were kept under observation for one week
before the beginning of the experiment to exclude any intercur-
rent infection. The chosen animals were housed in metal cages
at room temperature (25 ± 5 C) under normal day/light con-
ditions, fed with standard laboratory diet and allowed drinking
water ad libitum. The animals were divided into four groups
each of eight rats: The 1st group (G1) served as untreated con-
trol. The 2nd group (G2) served as control lycopene and was or-
ally treated with a daily dose of lycopene (10 mg/kg b wt.)
according to Turk et al. (2007). It was prepared immediately be-
fore use by dissolving it in corn oil. The 3rd (G3) group was or-
ally treated with deltamethrin (2 mg/kg b wt.) according to Kim
et al. (2008) for 4 weeks. It was prepared by dissolving it in corn
oil. The 4th group (G4) was orally treated with deltamethrin as
G3 plus a daily dose of lycopene (10 mg/kg b wt.) as in G2 after
2 h. Groups 3 and 4 were orally treated with deltamethrin and
deltamethrin plus lycopene respectively by gastric intubation
daily for 4 weeks. Eight rats from each of the experimental
groups were fasted and sacriﬁced under anesthesia. The rats
of four experimental groups were sacriﬁced after 4 weeks.
Chemicals
Deltamethrin was purchased from the Sigma Company, USA.
Lycopene was purchased from the Twin Laboratories INC
Ronkonkoma, New York, USA.
Histological preparations
Preparation of parafﬁn sections
For the histological preparations, animals were anaesthetized
under light diethyl ether and dissected to remove the thyroid
gland after 4 weeks of treatment. Thyroid gland tissues were
cut into small pieces and then ﬁxed in 10% neutral buffered
formalin for 24 h. The tissue was routinely processed, sec-
tioned at 4–5 lm thickness with a microtome and stained with
hematoxylin and eosin (Bancroft and Gamble, 2002) for histo-
pathological studies and others were stained with periodic acid
Schiff (PAS) procedure (Hotchkiss, 1948; Kiernan, 1999) for
the demonstration of polysaccharides.
Figure 1 (a) Photomicrograph of a section in thyroid gland of control rat showing normal thyroid follicles lined with simple cuboidal
epithelium and ﬁlled with homogenous acidophilic colloid (co). (H & E; X 200 original magniﬁcation). (b) Photomicrograph of a section in
thyroid gland of control lycopene treated rat showing normal histological structure of thyroid follicles similar to the control (H & E; X 200
original magniﬁcation). (c) Photomicrograph of a section in the thyroid gland of rat treated with deltamethrin showing vacuolization
(arrows) in the lining epithelium of the follicles and hyperemia between the follicles (head arrow). Notice that thyroid follicles appeared
with variable activity, where some follicles appear markedly distended (D) and other follicles appear involuted with minimal amount of
colloid (I). (H & E; X 200 original magniﬁcation). (d) Photomicrograph of a section in the thyroid gland of rat treated with deltamethrin
showing cyctic follicular formation (F) with ﬂattening of the lining epithelium (arrow) (H & E; ·400 original magniﬁcation). (e)
Photomicrograph of a section in the thyroid gland of rat treated with deltamethrin showing detached and desquamated follicular cells in
the follicular lumen (arrows) and hyperemia in the blood vessels (Bv). (H & E; ·200 original magniﬁcation). (f) Photomicrograph of a
section in thyroid gland of rat treated with deltamethrin plus lycopene showing marked improvement of the thyroid follicles (F) structures
except the presence of few hyperemia between the follicles. (H & E; ·200 original magniﬁcation).
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Single cell gel electrophoresis assay (also known as comet as-
say) was performed as previously described by Singh et al.
(1988). Thyroid gland tissue was minced and homogenized in
50 mmol/L cold sodium phosphate buffer (pH 7.0) containing
0.1 mmol/L EDTA to produce 10% homogenates (w/v). The
homogenates were then centrifuged at 1000 rpm for 10 min
at 4 C. Two hundred and ﬁfty microliters of the resulting
supernatant were embedded in low-melting agarose (0.65%)that was layered onto fully frosted microscope slides coated
with a layer of 0.75% normal agarose (diluted in Ca2+ and
Mg2+ free PBS buffer). A ﬁnal layer of 0.65% low-melting
agarose was placed on the top. Slides were immersed in a jar
containing cold lysate solution (1% Triton X-100, 10%
DMSO and 89% of 10 mmol/L Tris, 1% sodium lauryl sarco-
sine, 2.5 mol/L NaCl, 100 mmol/L Na2EDTA, pH 10) at 4 C
for 1–2 h. Then, slides were pretreated for 15 min in
electrophoresis buffer (300 mmol/L NaOH/ 1 mmol/L Na2-
Figure 2 Photomicrographs of a section in thyroid gland
showing (a): thyroid gland of a control rat with marked PAS
reaction in the colloid (Co). PAS X 200. (b & c): Thyroid gland of
a deltamethrin treated rat showing absence or weak PAS reaction
in the colloid (arrow). PAS X 200. (d) After treatment with
deltamethrin plus lycopene, PAS reaction showed marked resto-
ration of PAS positive materials in colloid (Co) of the thyroid
gland as compared to that of deltamethrin treated group. (PAS
·200 original magniﬁcation).
Figure 3 Photographs showing the effect of lycopene treatment
against deltamethrin-induced DNA damage in the thyroid of rat
as measured by the comet assay represented by Tail length (lm)
and % of DNA damage in the thyroid cells from control (a),
deltamethrin treated rats (b) and deltamethrin + Lycopene
treated rats (c). (magniﬁcation ·200).
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incubation and electrophoresis were performed in an ice-bath.
Slides were neutralized for 3–5 min in 0.4 M Tris, pH 7.5 and
DNA was stained by adding 50 lL of ethidium bromide
(20 lg/mL) onto each slide. After staining for 5 min, slides
were rinsed in distilled water and covered again for micro-
scopic examination. All the steps were conducted under
dimmed light to prevent additional DNA damage. Image anal-
ysis was performed with a Leitz Orthoplan epiﬂuorescenceTable 1 Commet assay of thyroid gland for control, delta-
methrin and deltamethrin plus lycopene treated group.
Parameter/Group Tail length (lm) %DNA (%)
Control 1.742 ± 0.141b 1.614 ± 0.208b
Deltmethrin 2.674 ± 0.274a 2.324 ± 0.185a
Deltamethrin + Lycopene 1.814 ± 0.148b 1.788 ± 0.269b
F-value 33.948 13.692
LSD at 5% level 0.275 0.308
LSD at 1% level 0.386 0.432
Data are expressed as Mean ± SE.
Values, which do not share the same superscript symbol within a
column are signiﬁcantly different.
LSD= Least Signiﬁcant Difference.microscope (magniﬁcation 200·) equipped with an excitation
ﬁlter of 515–560 nm and a barrier ﬁlter of 590 nm. The micro-
scope was connected through a camera to a computer- based
image analysis system (Comet Assay IV software, Perspective
Instruments). One hundred randomly selected cells per slide
were scored. In this test, DNA damage of the cells was evalu-
ated using the ratio of tail DNA content/the whole cellular
DNA content. DNA damage was measured as tail length
(TL = distance of DNA migration from the center of the body
to the nuclear core), and tail intensity (TI =% of genomic
DNA that migrated during the electrophoresis from the nucle-
ar core to the tail). By presenting all the parameters together,
more information on the extent of the DNA damage can be
obtained.
Figure 4 (a) Electron micrographs of control thyroid gland showing the colloid (co), well-ﬂattened cisternae of the rough endoplasmic
reticulum (RER), mitochondria (head arrow), many secretory vesicles (arrow) in the apical cytoplasm and nucleus (N). Scale bar = 1 lm.
(b & c) Electron micrographs of thyroid gland treated with deltamethrin showing follicles with many vacuolated cytoplasm (v) and the
presence of numerous lysosomes (arrow). Notice the shedding epithelium in the lumen (head arrow), dilated rough endoplasmic reticulum
(RER) and irregular heterochromatic nucleus (N). (b: Scale bar = 1 lm; c: Scale bar = 2 lm). (d) Electron micrograph of the thyroid
gland treated with deltamethrin showing thyroid follicles with damaged cells. Note vacuolated cytoplasm (V), dilated rough endoplasmic
reticulum (RER), pyknotic nuclei (N) and lysosomes (arrow), in addition to the presence of collagen (C). Scale bar = 2 lm. (e) Electron
micrograph of thyroid gland treated with deltamethrin showing dilated rough endoplasmic reticulum (RER) with amorphous material
(arrow). Note some packed erythrocytes (E). Scale bar = 1 lm. (f) Electron micrograph of thyroid gland treated deltamethrin plus
lycopene showing marked amelioration of ultrastructures compared to deltamethrin treated group, where the cytoplasm had nearly
normal rough endoplasmic reticulum (arrow) except the presence of some vacuoles (V). Scale bar = 1 lm.
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Rats were anaesthetized under light diethyl ether, sacriﬁced by
decapitation and then dissected to remove the thyroid gland
after 4 weeks of the experiment. Thyroid gland of the control,
deltamethrin and treated rats were immediately ﬁxed in 3% glu-
atraldehyde buffer at pH 7.4. Thyroid gland tissue was removed
and further ﬁxed in 1.3% osmium tetroxide in phosphate buffer
(pH 7.4) for 1 h. The samples were then processed and embed-
ded in epoxy resin mixture. Semi-thin sections (1 lm) of thyroid
gland tissue were cut with an LKB ultra-microtome, stainedwith toluidine blue and examined on a light microscope. Ultra-
thin sections (70–90 nm) were prepared and stained with uranyl
acetate and lead citrate (Gluert and Lewis, 1998). Stained grids
were then examined by a JEOL electron microscope at 80 KV in
the Faculty of Science, Ain-Shams University.
Statistical analysis
Analysis of data was performed using the ANOVA test and
comparing between means using LSD (Least Signiﬁcance Dif-
ference) as outlined by PC-STAT (1995). Results were ex-
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considered non-signiﬁcantly different, while those P< 0.05
and P< 0.01 were signiﬁcantly and highly signiﬁcantly differ-
ent, respectively.
Results
Histopathologic results of thyroid gland
Light microscopic examination of the control thyroid gland
showed thyroid follicles which are lined by simple cuboidal
epithelium with vesicular nuclei. The follicles are ﬁlled with
acidophilic homogenous colloid (Fig. 1a). Lycopene group
showed normal histological structure of the functioning folli-
cles similar to the control (Fig. 1b).
The present investigation of the deltamethrin toxicity group
showed marked histological lesions including the presence of
vacuolization in the lining epithelium of the follicles, hyper-
emia between follicles and some involuted follicles with mini-
mal amount of colloid (Fig. 1c). Cyctic follicular formation
with ﬂattening of the lining epithelium (Fig. 1d) was observed.
Moreover, detached and desquamated follicular cells in the
follicular lumen were seen. Some thyroid follicles showed vac-
uolated colloid while others were devoid of colloid, in addition
to the presence of hyperemia in the blood vessels (Fig. 1e).
The present study showed that lycopene supplementation
reduced the thyroid cellular changes induced by deltamethrin.
The thyroid follicles showed marked improvement of histolog-
ical structures compared to the deltamethrin group except for
the presence of few hyperemia between the follicles (Fig. 1f)
indicating that lycopene contributes to the protection against
thyroid damage.
Histochemistry of thyroid gland
PAS preparations of the normal thyroid gland of rats revealed
that polysaccharides in the colloid appeared as a marked reac-
tion indicated by magenta red (Fig. 2a). After exposure of rats
to deltamethrin, polysaccharide content of the thyroid gland
obviously decreased, where the colloid showed absence or
weak PAS reaction (Fig. 2b and c). After treatment with delta-
methrin plus lycopene, PAS reaction showed marked restora-
tion of PAS positive materials in the colloid of the thyroid
gland (Fig. 2d) as compared to those of the deltamethrin trea-
ted group.
Effect of lycopene treatment on deltamethrin-induced DNA
damage (comet assay) in thyroid cells
The comet assay revealed that deltamethrin signiﬁcantly in-
duced DNA damage. By comparing the values of mean ± SD
tail length of the comet assay of deltamethrin, it is clear that,
the mean of tail length showed a signiﬁcantly increased level
(P< 0.05) reaching to 2.674 ± 0.274 lm compared to control
rats. Moreover, the damaged DNA% of the delttamethrin
group showed signiﬁcantly increased levels reaching 2.324 ±
0.185 lm compared to control rats (Table 1) (Fig. 3a & b).
On the other hand deltamethrin plus lycopene reduced the
DNA damage of thyroid cells as observed from the signiﬁcant
decrease in the comet assay (tail length and damaged DNA%)
as compared to the deltamethrin group reaching1.814 ± 0.148 lm and 2.674 ± 0.274 lm respectively (Table
1) (Fig. 3b & c).
Electron microscopic results
Electron microscopic examination of the control thyroid gland
showed thyroid follicles composed of cuboidal epithelium with
rough endoplasmic reticulum and mitochondria. The apical
surfaces showed small microvilli that protruded into the follic-
ular lumen which contains the colloid. The apical cytoplasm
contains secretory vesicles (Fig. 4a).
Examination of deltamethrin-treated rats showed thyroid
follicles with many vacuoles in the cytoplasm and numerous
lysosomes. Shedding epithelium in the lumen, dilated rough
endoplasmic reticulum and an irregular heterochromatic nu-
cleus were also observed (Fig. 4b and c). Deltamethrin group
also showed thyroid follicles with damaged cells, vacuolated
cytoplasm, dilated rough endoplasmic reticulum, pyknotic nu-
clei and numerous lysosomes, in addition to the presence of
collagen (Fig. 4d). Moreover, dilated rough endoplasmic retic-
ulum with amorphous material, irregular heterochromatic nu-
cleus and some packed erythrocytes were observed in Fig. 4e.
The thyroid gland of rats treated with lycopene plus delta-
methrin showed marked amelioration of the ultrastructure
compared to the deltamethrin treated group, where the cyto-
plasm had nearly normal rough endoplasmic reticulum except
for the presence of some vacuoles (Fig. 4f).Discussion
The pyrethroid and neonicotinoid insecticides were extensively
used in controlling insect pests on major crops and animal
health, either separately or as a mixture (Sekerog˘lu et al.,
2011). Synthetic pyrethroid insecticides are among the most
commonly available to consumers today due to increased use
in recent years because of the need to replace common organo-
phosphorus insecticides following user restrictions in the
United States and other countries (CDC 2005; Heudorf
et al., 2006). Moreover, the exposure to pesticides is a problem
very difﬁcult to ﬁnd a solution for, which becomes even more
serious in the underdeveloped countries (Sawaya et al., 2000).
The present study aims to investigate the toxic effect of delta-
methrin on the thyroid gland as well as the protective effect of
lycopene. The histopathologic evidence of thyroid damage
identiﬁed in the deltamethrin group is in agreement with previ-
ous studies (Ruzo et al., 1978; Forshaw and Bradburry, 1983).
The thyroid system is a major target of the so-called endocrine
disrupting chemicals. Such a disruption may have severe con-
sequences as thyroid hormones play an important role in the
maintenance of a normal physiological status in vertebrates
(Tebourbi et al., 2010).
The present histopathological study showed some follicles
of the thyroid gland with pyknotic nuclei and vacuolated.
Moreover, congestion and hemorrhage are the main compo-
nents of the histopathologic alteration. These ﬁndings can be
explained by direct cytotoxic effects of deltamethrin on endo-
thelial cells (Ruzo et al., 1978). Deltamethrin is reported to in-
crease catecholamine release, resulting in some cardiovascular
effects such as increased mean arterial pressure (Forshaw and
Bradburry, 1983) which raises the question of its direct role in
heavy congestion and hemorrhages. Congested blood vessels
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which might affect vascular walls leading to their dilatation
and congestion (Shady and Noor El-Deen, 2010). Previous
studies reported also degeneration and apoptosis of follicular
cells (Jeong et al., 2006; Yu et al., 2008). This might be owed
to oxidative damage caused by chlorpyrifos with the genera-
tion of reactive oxygen species (ROS) (Slotkin and Seidler,
2007) and lipid peroxidation (Yu et al., 2008).
The present histochemical study of the deltamethrin group
showed decreased PAS reaction in the colloid which may affect
thyroglobulin protein expression in the colloid. Similar results
observed by chlorpyrifos (Shady and Noor El-Deen, 2010).
Pilling et al. (2007) reported that thyroglobulin is the glycopro-
tein precursor of the iodinated thyroid hormones thyroxine
(T4) and triiodothyronine (T3). It is synthesized by the follic-
ular cells and stored in the lumen of the follicles (Lin, 2008).
It exhibits the general properties of the globulins (Pilling
et al., 2007).
Many pesticides have been shown to have endocrine disrup-
tive activity (Villanger et al., 2011). The present ultrastructural
study showed some thyroid follicles with dilated rough endo-
plasmic reticulum in the cytoplasm. This dilatation could be
due to the retention of aberrant protein within the cisternae.
Disruption in protein production might prevent the synthesis
of apoptosis inhibitors or the loss of essential proteins invo-
luted in cellular homeostasis leading to cellular degeneration
(Pitsiavas et al., 1997 and Rajkovic et al., 2006).
As regards the present histopathological and ultrastructural
study, cellular debris in the thyroid follicular lumena and
degenerated dark follicular cells in some thyroid follicles with
indistinct organelles was observed. This indicates the toxic ef-
fect of deltamethrin on follicular thyroid cells and leads to fol-
licular disruption. Various pesticides have been linked to the
disruption of the endocrine system, which can adversely affect
reproduction and sexual development as well as the immune
system (Du et al., 2010; Pine et al., 2008). Cabral et al.
(1990) pointed out an increased incidence of thyroid tumors
and lymphomas in long-term experiments on mice and rats
when deltamethrin was given orally.
Lycopene has been shown to have the highest antioxidant
activity among the carotenoids in cell protection against free
radicals (Cavusoglu et al., 2009). The present study showed
that lycopene supplementation reduced the thyroid cellular
changes induced by deltamethrin indicating that lycopene con-
tributes to the protection against thyroid damage. Of all
carotenoids, lycopene has been shown to exhibit the highest
physical quenching rate constant with ROS (Gupta et al.,
2003; Michael McClain and Bausch, 2003; Wertz et al.,
2004). Yonar and Sakin (2011) suggested that the administra-
tion of lycopene might alleviate deltamethrin-induced oxida-
tive stress. It may also contribute to the prevention or
amelioration of oxidative damage to cells and tissues both
in vivo and in vitro (Velmurugan et al., 2002; Reifen et al.,
2004). Moreover, studies have suggested that the anticancer ef-
fects of lycopene are related to their effectiveness as antioxi-
dants (Dias et al., 2010; Waliszewski and Blasco, 2010).
Any damage to the DNA in the form of strand breaks leads
to changes in the cell integrity, which in turn can lead to abnor-
mal cellular activity leading to toxicity and ultimately cell
death (Sreekumaran et al., 2005). The present study showed
DNA damage by the administration of deltamethrin as
indicated by comet assay. These results are in agreement withIsmael and Mohamed (2012) who reported testicular DNA
damage after deltamethrin administration to rats. Moreover
Meeker et al. (2008) stated that in humans, several recent
non-occupational studies have reported signiﬁcant or
suggestive associations of urinary pyrethroid insecticide
metabolite concentrations with increased DNA damage.
According to Bedir et al. (2008) this may be partially due to
the generation of oxidative lesions which reﬂects oxidized
purine and pyrimidine.
The single-cell gel electrophoresis (comet assay) is the sim-
plest and most sensitive method that can measure and identify
DNA damage at the cellular level (Tice et al., 2002). Toxicity
may cause DNA damage by secondary mechanisms (Kohn,
1979). Furthermore, the percentage of DNA in the tail (tail
intensity) has been shown to be proportional to the frequency
of DNA strand-breaks (Olive et al., 1990), and results might be
expressed by gathering cells into different damage categories
according to the amount of DNA in the tail (Betti et al.,
1993; Pool-Zobel et al., 1993).
Pesticides may induce oxidative stress, leading to the gener-
ation of free radicals and causing lipid peroxidation, and may
be the underlying molecular mechanism that gives rise to pes-
ticide induced toxicity (K}opru¨cu¨ et al., 2008; Ismail and
Mohamed, 2012). Excessive production of oxidants can result
in oxidative damage, due to the oxidation of lipids, proteins
and DNA in the cells. There is increasing evidence that oxida-
tive stress, particularly stress caused by reactive oxygen species
and reactive nitrogen species, can lead to numerous inﬂamma-
tory and degenerative diseases (MacDonald-Wicks et al.,
2006).
Lycopene may protect in vivo lipids, proteins, and DNA
against oxidation (Reifen et al., 2004; Tapiero et al., 2004).
Scolastici etal. (2007), (2008) added that lycopene is a suitable
agent for preventing chemically-induced DNA and chromo-
some damage. It also signiﬁcantly reduced the genotoxicity in-
duced by H2O2 in vitro. Weng Kong et al. (2010) reported that
lycopene protected cells against DNA damage.
In conclusion, our results demonstrated that deltamethrin
can cause a variety of thyroid disorders; therefore the use of
this insecticide should be controlled seriously. Lycopene could
be a suitable agent for preventing the toxicity of deltamethrin
and genotoxicity-induced DNA damage. Because pyrethroid
use is common and likely increasing worldwide, more research
is needed on its potential to adversely impact the endocrine
system.
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